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A MODULAR FINITE-ELEMENT MODEL (MODFE) FOR AREAL AND
AXISYMMETRIC GROUND-WATER-FLOW PROBLEMS

PART 3: DESIGN PHILOSOPHY AND PROGRAMMING DETAILS

By

Lynn J. Torak

ABSTRACT

A MODular, Finite-Element, digital-computer program (MODFE) was developed to simulate steady
orunsteady-state, two-dimensional or axisymmetric ground-water-flow. The modular structure of MODFE places
the computationally independent tasks that are performed routinely by digital-computer programs simulating
ground-water flow into separate subroutines, which are executed from the main program by control statements.
Each subroutine consists of complete sets of computations, or modules, which are identified by comment
statements, and can be modified by the user without affecting unrelated computations elsewhere in the program.
Simulation capabilities can be added or modified by either adding or modifying subroutines that perform specific
computational tasks, and the modular-program stucture allows the user to create versions of MODFE that
contain only the simulation capabilities that pertain to the ground-water problem of interest. MODFE is written
in a Fortran programming language that makes it virtually device independent and compatible with desk-top
personal computers and large mainframes.

MODFE uses computer storage and execution time efficiently by taking advantage of symmetry and
sparseness within the coefficient matrices of the finite-element equations. Parts of the matrix coefficients are
computed and stored as single-subscripted variables, which are assembled into a complete coefficient just prior
to solution. Computer storage is reused during simulation to decrease storage requirements. Descriptions of
subroutines that execute the computational steps of the modular-program structure are given in tables that cross
reference the subroutines with particular versions of MODFE. Programming details of linear and nonlinear
hydrologic terms are provided. Structure diagrams for the main programs show the order in which subroutines
are executed for each ver.ion and illustrate some of the linear and nonlinear versions of MODFE that are
possible. Computational aspects of changing stresses and boundary conditions with time and of mass-balance
and error terms are given for each hydrologic feature. Program variables are listed and defined according to
their occurrence in the main programs and in subroutines. Listings of the main programs and subroutines are
given.



INTRODUCTION

This report describes the philosophy of the modular approach that was taken in designing a MODular,
Finite-Element, digital-computer program (MODFE) for simulating ground-water flow in two dimensions, and
the details concerning computational aspects of its simulation capabilities. It is intended to be a companion
report to Part 1 (Torak, 1992), which is a user’s manual that describes the simulation of ground-water flow by
using MODFE, and to Part 3 (Cooley, 1992), which develops the finite-element equations that are approximated
by MODFE. Simulation capabilities of MODFE are:

O transient or steady-state conditions,

© nonhomogeneous and anisotropic flow where directions of anisotropy change within the model
region,

O  vertical leakage from a semiconfining layer that contains laterally nonhomogeneous properties and
elastic storage effects,

O point and areally distributed sources and sinks,

o specified-head (Dirichlet), specified-flux (Neumann), and head-dependent (Cauchy-type) boundary
conditions,

O vertical cross sections,

o flow in axisymmetric, cylindrical coordinates (radial flow), confined and unconfined (water-table)
conditions,

O  partial drying and resaturation of a water-table aquifer,

O  conversion between confined- and unconfined-aquifer conditions,

o nonlinear-leakage functions (for simulating line, point, or areally distributed sources and sinks),
o  changing stresses and boundary conditions on a stress-period basis, time-step basis, or both, and

o  zoned input of hydraulic properties and boundary conditions.

Background

Descriptions of the numerical representation of physical processes and hydrologic features contained in
this and the companion reports have evolved within the past 10 years from material presented by the authors
in the course "Finite-Element Modeling of Ground-Water Flow," held at the U.S. Geological Survey National
Training Center in Denver, Colorado. This report formalizes the course material, which has been revised to
incorporate comments and suggestions from attendees of the courses.

To demonstrate the modular approach used by MODEFE, the computational steps that are required to
simulate any ground-water flow problem are arranged into an ordered list or a generalized flow chart.
Subroutines are listed in tables according to the computational steps that are performed, and brief descriptions
of the subroutines are given. Versions of MODFE that require each subroutine also are indicated in the tables
for reference.



Hydrologic terms are grouped into two categories: linear and nonlinear, and programming details for
each group are given. These details, together with the variable lists and definitions, allow the interested user to
modify the existing simulation capabilities of MODFE or to create additional capabilities.

Computational aspects of steady-state flow, changing stresses and boundary conditions with time, and
of the water-balance summary are described to give the user necessary background information for either
invoking these simulation capabilities or identifying the location within the program where computations occur.
Details of computations within the equation-solving subroutines are provided to demonstrate how the theoretical
development described in Cooley (1992) is put into practice with MODFE.

Methods of computer-storage allocation and usage that enhance the efficiency of MODFE are explained
by using tables and diagrams. These descriptions are provided to promote an understanding of details of
program design and to allow the user to add or modify simulation capabilities that are consistent with the design
philosophy.

Purpose and Scope

This report provides technical details about the modular-program structure and about specific
computations for simulation capabilities of MODFE. Discussions of modules, either sets of subroutines that add
a particular simulation capability to MODFE, or sets of complete mathematical computations within subroutines,
are kept brief, but are presented to familiarize the user with the overall philosophy of program design.
Descriptions of how and where specific computational tasks are performed within MODFE, and definitions of
corresponding program variables, are provided so that a user can follow the progression of computations that
are required to transform the mathematical expressions described in Cooley (1992) into a working computer
program. Together with lists of the main programs and subroutines, these descriptions and definitions provide
the user with background information that is necessary for modifying existing simulation capabilities, adding new
capabilities, or simply using MODFE in an appropriate manner to solve a particular ground-water-flow problem.

DESIGN PHILOSOPHY FOR A MODULAR APPROACH

The philosophy behind designing MODFE was to construct a digital-computer model of two-dimensional
ground-water flow in which the independent computational steps that are necessary for simulation are contained
in separate subroutines (fig. 1). The delineation of computational steps by subroutines is termed a modular
approach. The order in which these steps are executed is ccntrolled by a main program. Simulation capabilities
and matrix-equation solvers are modified or added to the model by either modifying or adding subroutines and
their controlling statements to the program. Consequently, a user can construct different versions of MODFE
that contain different simulation capabilities and solvers, depending on the subroutines that are included (or
excluded) in the program structure, and on the arrangement of controlling statements to subroutines in the main
programs. Program structures for versions of MODFE that are possible with the modular approach are
described in a later section.

Modules and Subroutines

The modular approach and design philosophy described above for the main programs were applied to
the subroutines. Each subroutine consists of one or several sets of program statements (or modules) that
perform a specific task. Each module requires specific input from the previous module, and all modules
function to complete one of the computational steps shown in figure 1. For example, two modules within the



Computational Steps in MODFE

Input Problem Specifications and
Program Dimensions

|

Set Dimensions for Computational
Features, Allocate Storage, and
Initialize Program Variables

|

Input Hydrologic Information
and Form Coefficients to
Matrix Equations

|

Input Stress-Period and Time-Step
Information and Adjust Boundary
Conditions for Time-Step Variation

|

Form Finite-Element
Matrix Equations

|

Solve Matrix Equations

|

Update Hydraulic Heads
and Aquifer Thickness

|

Compute Mass Balance

|

Extrapolate Heads to
End of Time Step and
Update Transient Leakage

|

Print Simulation Results

Figure 1.-- Diagram of generalized flow chart showing computational steps performed by subroutines of
MODular Finite-Element model (MODFE).



subroutine that forms coefficients to matrix equations (subroutine FMCO) are: 1) computing the coefficients
for coordinate functions and, 2) computing the element contribution to distributed recharge or discharge. The
coordinate functions from the first module are used to compute element areas, which are used in the second
module to compute the coefficient for distributed recharge or discharge. Modules are defined in the
subroutines by comment statements and may be modified by the user to suit the specific needs of an aquifer
problem. A listing of subroutines is given in the Appendices.

Efficient Use of Computer Storage and Processing Time

Another design consideration in the development of MODFE was the efficient use of computer storage
and processing time. MODFE was designed to be compatible with computers that have small core storage, such
as minicomputers or personal computers (PC’s). All information is stored and processed either as
single-subscripted variables (vector storage) or as unsubscripted variables; there are no multidimensional
variables (array storage) used in MODFE. A general-storage vector, G, is used to store the vector lengths, and
computer storage for each vector length is determined at the time of execution of MODFE. Storage locations
within G are reused routinely during simulation to decrease storage requirements. Details about storage
locations in G are given in the section "General-Storage Vector G."

Coefficients to matrix equations are formed and stored in a manner that uses computer storage and
processing time efficiently. The information needed to assemble matrix equations for a node is stored as close
together in the computer as physically possible. This storage scheme decreases the amount of transferring of
information into and out of computer memory (commonly known as paging). Further decreases in computer
storage and processing time are realized by eliminating equations at specified-head nodes from the matrix
equation that is solved. Details of these processes are given in subsections of the section "Allocation of
Computer Storage and Processing Time."

Device-Independent Programming

MODFE has been programmed in USA Standard Fortran, defined by the American National Standards
Institute, Incorporated (ANSI) as standard USAS X3.9-1966, commonly termed Fortran 66. No extensions to
this programming language that may be available from a particular computer manufacturer have been used in
MODFE. However, each computer installation may require unique statements for program identification or for
allocating large amounts of vector storage. For example, to use MODFE on the PRIME' computer, the
general-storage vector G has been placed in a Fortran COMMON statement.

Adherence to the ANSI standard Fortran 66 allows MODFE to be used on many different types of
computers. During development, MODFE had been used on at least eight different computers, including
minicomputers and PC’s. Each computer contained either different storage lengths for single-precision variables
or either virtual or nonvirtual memory. Simulations on these computers produced nearly identical results, and
only slight modifications were required at the beginning of the programs, as described above. Thus, MODFE
is programmed to be as device independent as possible.

'Use of brand names in this report is for identification purposes only, and does not constitute endorsement by
the U.S. Geological Survey. Use of brand names in this report is for identification purposes only, and does not
constitute endorsement by the U.S. Geological Survey.
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SIMULATION CAPABILITIES AND VERSIONS OF MODULAR
FINITE-ELEMENT MODEL (MODFE)

The versions of MODFE that are possible from the modular program design are divided among three
classes of ground-water-flow problems: (1) linear, steady or nonsteady state, (2) nonlinear, nonsteady state, and
(3) nonlinear steady state. The linear versions of MODFE simulate hydrologic processes in which the equation
formulation is unchanged during simulation. A list of linear versions and simulation capabilities is given in table
1. The nonlinear versions of MODFE simulate hydrologic processes with complex equation formulations that
change during simulation. Separate nonlinear versions were constructed for steady- and nonsteady-state
conditions because of the unique equation formulation required to simulate these types of ground-water-flow
problems. Simulation capabilities of the nonlinear versions are listed in table 2 for nonsteady-state conditions
and in table 3 for steady-state conditions.

Table 1.-- Linear versions of MODular Finite-Element model (MODFE) and simulation capabilities

Simulation capabilities of linear versions of MODFE

Nonhomogeneous, anisotropic flow Axi-symmetric radial flow
having chanﬁing directions of
anisotropy within the model region Zoned input of hydraulic
properties and boundary
Steady vertical leakage conditions

(no storage effects)
Nonsteady-state or steady-state
Point and areally distributed conditions

sources and sinks

Specified head (Dirichlet),

Sﬁecified flux (Neumann), and Changing stresses and boundary
ead-dependent (Cauchy-type) conditions with time

boundary conditions

Vertical cross sections

Solver options

Simulation options Direct, symmetric- Iterative, MICCG
Doolitle method method
Steady vertical leakage LMFE1 LMFE2

(no storage effects)

Vertical 1eaka%e having
storage effects LMFE3 LMFE4
(transient leakage)




Table 2.-- Nonlinear versions of MODular Finite-Element model (MODFE) and simulation capabilities

Simulation capabilities of nonlinear versions of MODFE

Nonhomogeneous, anisotropic flow
having changing directions of
anisotropy within the model region

Steady vertical leakage
(no storage effects)

Point and areally distributed
sources and sinks

Specified head (Dirichlet),

specified flux (Neumann), and

head-dependent (Cauchy-type)
boundary conditions

Axi-symmetric radial flow

Zoned input of hydraulic
properties and boundary
conditions

Nonsteady-state conditions

Unconfined (water-table)
conditions

Partial drying and resaturation
of a water-table aquifer

Conversion between confined- and
unconfined-aquifer conditions

Change stresses and boundary
conditions with time

Solver options

Simulation options Direct, triangular- Iterative, MICCG
decomposition method method
Steady vertical Teakage NLMFE1 NLMFE2
(no storage effects)
Vertical leakage having
storage effects NLMFE3 NLMFE4
(transient leakage)
Nonlinear steady vertical NLMFES NLMFE®6
leakage
Nonlinear head-dependent NLMFE7 NLMFE8
(Cauchy-type) boundaries




Table 3.-- Nonlinear steady-state versions of MODular Finite-Element model (MODFE) and simulation

capabilities
Simulation capabilities of nonlinear versions of MODFE
Nonhomogeneous, anisotropic flow Zoned input of hydraulic
with changing directions of properties and boundary
anisotropy within the model region conditions
Steady vertical leakage Steady-state conditions

(no storage effects)
Unconfined (water-tabie)
Point and areally distributed conditions

sources and sinks
Partial drying and resaturation

Specified head (Dirichlet), of a water-table aquifer
Specified flux (Neumann), and
head-dependent (Cauchy-type) Conversion between confined-
boundary conditions and unconfined-aquifer
conditions
Axi-symmetric radial flow
Solver options
Simulation options Iterative, MICCG | Direct, triangular-
method decomposition method
Water-table conditions NSSFE1 NSSFE2
only
Nonlinear steady vertical NSSFE3 NSSFE4
leakage
Nonlinear head-dependent NSSFE5 NSSFE6
(Cauchy-type) boundaries




Each version of MODFE contains different options for simulation capabilities and for solution methods
to the finite-element matrix equations. Hence, simulation or solution options create different structures of the
main program and different versions of MODFE. Selection of options and program structures is user dependent;
that is, the user determines which simulation or solution options are applicable to the ground-water-flow problem
and constructs an appropriate version of MODFE. Structures of main programs to the versions listed in tables
1-3 are given in the following section. Details of using the simulation capabilities are given in Torak (1992).

The following naming convention is adopted to identify each version of MODFE. The four linear
versions listed in table 1 are termed LMFEn for "Linear Modular Finite Element, version n,” where n = 1-4.
The eight nonlinear versions listed in table 2 are termed NLMFEn for "NonLinear, Modular Finite Element,
version n," where n = 1-8. The six nonlinear steady-state versions listed in table 3 are termed NSSFEn for
"Nonlinear, Steady-State, Finite-Element, version n," where n = 1-6. Note that the linear versions of MODFE
simulate nonsteady-state and steady-state conditions, whereas separate versions are used for the nonlinear
conditions.

Program Structures and Lists of Main Programs

The order in which subroutines are executed and computational steps are performed by the main
programs is shown diagrammatically in figures 2-12 for the versions of MODFE listed in tables 1-3. Each
subroutine name shown in the structure diagrams represents one or more computationa! steps in the generalized
flow chart of figure 1. The computational steps corresponding to each subroutine are described in tables in the
following section, and the versions of MODFE that use each subroutine are indicated in the tables for reference.
Subroutine names in the structure diagrams are replaced by Fortran CALL statements to form the main
programs. Computer listings of main programs and subroutines are given in the Appendices.

Subroutine names that are linked to the main programs by dashed lines in the structure diagrams contain
the simulation options listed in tables 1-3. The Fortran CALL statements to these subroutines are inserted into
the main program according to the order indicated by the structure diagrams, and the corresponding subroutines
are added to MODFE for compilation. Thus, if a simulation capability defined by these subroutines is not
required for the aquifer problem, then the Fortran CALL statements and the corresponding subroutines are
removed from the program creating a version of MODFE having a new program structure.

Subroutine names appearing in parentheses in the structure diagrams replace those that are located
beside them in the structure. For example, in figure 2, subroutines required for the iterative, MICCG, solution
method (subroutines INITCG, SETCG, and MICCG) replace subroutines used for the direct method
(subroutines INITB, SETB, and BAND). This replacement creates another version of MODFE, which is
indicated by the program name in parentheses at the top of the structure diagram (LMFE2 in this example).

Two new program structures result from combining simulation capabilities of the nonlinear versions (figs.
8 and 12). The program structure shown in figure 8 represents a nonsteady-state version of MODFE that can
simulate nonlinear steady vertical leakage, nonlinear head-dependent (Cauchy-type) boundaries, and nonlinear
point sinks. A steady-state version of MODFE having the same simulation capabilities as the version shown in
figure 8 is represented by the structure diagram in figure 12. Note that the order in which Fortran CALL
statements are added to the main program determines the order of inputs and other computations for these
features. Therefore, although subroutines for nonlinear steady vertical leakage (subroutine names that begin with
"VN") can be called by the main program before subroutines for nonlinear head-dependent (Cauchy-type)
boundaries and nonlinear point sinks (subroutine names that begin with "GN"), this new order of subroutines
in the main program is not consistent with the order of inputs given in the input instructions in Torak (1992).
To preserve the order of inputs as given in Torak (1992), the main programs for these versions of MODFE
should be structured according to the diagrams in figures 8 and 12.



Structure Diagram for LMFE1 (LMFE2)

Simulates Steady or Nonsteady-State Flow
and Linear (Confined) Conditions

INITB (INITCG)
DATIN
FMCO
SETB (SETCG)

— DO 20 JP=1,NPER

NXTPD

—— DO 10 I=1,NSTEPS
COCHG
FMEQ
BAND (MICCG)
HCALC
RDTP
MASBAL
IF (ISTD.LT.1) CALL EXTRAP
DATOUT
IF(NQBND.LT.1) GO TO 8
PRTCBV

8 MASOUT

L 10  CONTINUE

20 CONTINUE

STOP
END

Figure 2.-- Main-program structure for MODular Finite-Element model (MODFE) version LMFE1
(LMFE2), simulates steady or nonsteady-state flow and linear (confined) conditions.
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Structure Diagram for LMFE3 (LMFE4)

Simulates Steady or Nonsteady-State Flow, Linear (Confined)
Conditions and Vertical Leakage of Water Stored Elastically in a Confining Bed
(Transient Leakage)

INITB (INITCG)
------------------- CBINIT
DATIN
FMCO
------------------- CBFMCO

SETB (SETCG)
~———— DO 20 JP=1,NPER
NXTPD
DO 10 1=1,NSTEPS
COCHG
«-——- |F (NCBCH.EQ.ISTP) CALL CBCHG
-------- CBFMEQ
FMEQ
—-— CBADEQ
BAND (MICCG)
HCALC
RDTP
MBALCB
-------- CBTQC
IF (ISTD.LT.1) CALL EXTRAP
-------- CBHRXT
DATOUT
IF(NQBND.LT.1) GO TO 8
PRTCBV
8 MASOUT
— 10 CONTINUE
20 CONTINUE
STOP
END

Figure 3.-- Main-program structure for MODular Finite-Elemeént model(MODFE) version LMFE3
(LMFE4), simulates steady or nonsteady-state flow, linear (confined) conditions and vertical
leakage of water stored elastically in a confining bed (transient leakage).
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Structure Diagram for NLMFE1 (NLMFE?2)

Simulates Nonsteady-State Flow and
Unconfined (Water-Table) Conditions

INITB (INITCG)
WTINIT
DATIN
FMCO
WTFMCO
SETB (SETCG)
DO 20 JP=1,NPER
NXTPD
DO 10 1=1,NSTEPS
COCHG
RDTP
FMEPWT
BAND (MICCG)
HCALWT
RDTP
FMECWT
BAND (MICCG)
WTCCHK
IF (ISC.EQ.0) GO TO 5
HCALWT
RDTP
FMECWT
BAND (MICCG)
5 HCALWT
RDTP
MBALWT
IF (ISTD.LT.1) CALL XTRPWT
DATOUT
IF(NQBND.LT.1) GO TO 8
PRTCBV
8 MASOUT
10 CONTINUE
L 20 CONTINUE
STOP
END

Figure 4.-- Main-program structure for MODular Finite-Element model (MODFE) version NLMFE1
(NLMFE2), simulates nonsteady-state flow and unconfined (water-table) conditions.
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Structure Diagram for NLMFE3 (NLMFE4)

Simulates Nonsteady-State Flow, Unconfined (Water-Table)
Conditions, and Vertical Leakage of Water Stored Elastically
in a Confining Bed (Transient Leakage)

INITB (INITCG)
WTINIT

e CBFMCO
SETB (SETCG)
NXTPD
DO 20 JP=1,NPER
NXTPD
DO 10 1=1,NSTEPS
COCHG
- IF (NCBCH.EQ.ISTP) CALL CBCHG
RDTP
--------- CBFMEQ
FMEPWT
--------- CBADEQ
BAND (MICCG)
HCALWT
RDTP
FMECWT

BAND (MICCG)
WTCCHK
IF (SC.EQ.0) GO TO 5
HCALWT
RDTP
FMECWT
wereeneee CBADWT
BAND (MICCG)
5 HCALWT
RDTP
MBWTCB

IF (ISTD.LT.1) CALL XTRPWT
--------- CBHRXT
DATOUT
IF(NGBND.LT.1) GO TO 8
PRTCBV
8 MASOUT
— 10  CONTINUE
20 CONTINUE
STOP
END

Figure 5.-- Main-program structure for MODular Finite-Element model (MODFE) version NLMFE3
(NLMFES4), simulates nonsteady-state flow, unconfined (water-table) conditions, and vertical leakage of water
stored elastically in a confining bed (transient leakage).
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Structure Diagram for NLMFES (NLMFEB)

Simulates Nonsteady-State Flow, Unconfined (Water-Table)
Conditions, and Nonlinear Steady Vertical Leakage

INITB (INITCG)
WTINIT
---------------- VNINIT
DATIN
FMCO
WTFMCO
e VNFMCO

SETB (SETCG)
——— DO 20 JP=1,NPER
NXTPD
DO 10 I=1,NSTEPS
COCHG
------ ~ IF (NVNCH.EQ.ISTP) CALL VNCHG

------ VNPRED
BAND (MICCG)
HCALWT
RDTP
FMECWT

-------- VNCORR
BAND (MICCG)
WTCCHK
IF (ISC.EQ.0) GO TO 5
HCALWT
RDTP
FMECWT

——— VNCORR
BAND (MICCG)

5 HCALWT
RDTP
MBALWT

IF (ISTD.LT.1) CALL XTRPWT
DATOUT
IF(NQBND.LT.1) GO TO 8
PRTCBV
8 MASOUT
— 10 CONTINUE
20 CONTINUE
STOP
END

Figure 6.-- Main-program structure for MODular Finite-Element model (MODFE) version NLMFES5
(NLMFES), simulates nonsteady-state flow, unconfined (water-table) conditions, and nonlinear steady
vertical leakage.
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Structure Diagram for NLMFE7 (NLMFES)

Simulates Nonsteady-State Flow, Unconfined (Water-Table)
Conditions, Nonlinear Head-Dependent (Cauchy-type)
Boundaries, and(or) Nonlinear Point Sinks

INITB (INITCG)
WTINIT
e GNINIT
DATIN
FMCO
WTEMCO
---------------- GNFMCO

SETB (SETCG)
——— DO 20 JP=1,NPER
NXTPD
DO 10 I=1,NSTEPS
COCHG
--------- IF (NVNCH.EQ.ISTP) CALL GNCHG

--------- GNPRED
BAND (MICCG)
HCALWT
RDTP
FMECWT
< GNCORR
BAND (MICCG)
WTCCHK
IF (ISC.EQ.0) GO TO 5
HCALWT
RDTP
FMECWT
--------- GNCORR
BAND (MICCG)
5 HCALWT
RDTP
MBALWT
IF(NQBND.LT.1) GO TO 8
PRTCBV
8 —— GNBAL
IF(NLCZ.LT.1) GO TO 9
PRTCBV
9 IF (ISTD.LT.1) CALL XTRPWT
DATOUT
MASOUT
L 10 CONTINUE
20 CONTINUE
STOP
END

Figure 7.-- Main-program structure for MODular Finite-Element model (MODFE) version NLMFE7
(NLMFES), simulates nonsteady-state flow, unconfined (water-table) conditions, nonlinear head-dependent
(Cauchy-type) boundaries, and (or) nonlinear point sinks.
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Structure Diagram for NLMFES (NLMFES) Combined with NLMFE 7 (NLMFEB)

Simulates Nonsteady-State Flow, Unconfined (Water-Table) Conditions,
Nonlinear Head-Dependent (Cauchy-type) Boundaries and (or) Nonlinear
Point Sinks, and Nonlinear Steady Vertical Leakage

INITB (INITCG)
WTINIT

e GNFMCO
---------------- VNFMCO
SETB (SETCG)
DO 20 JP=1,NPER
NXTPD
DO 10 I=1,NSTEPS
CocHG
--------- IF (NGNCH.EQ.ISTP) CALL GNCHG
- IF (N\VNCH.EQ.ISTP) CALL VNCHG

BAND (MICCG)
HCALWT
RDTP
FMECWT
--------- GNCORR
--------- VNCORR
BAND (MICCG)
WTCCHK
IF (ISC.EQ.0)GOTO 5
HCALWT
RDTP
FMECWT

BAND (MICCG)

5 HCALWT
RDTP
MBALWT
IF(N@GBND.LT.1) GO TO 8
PRTCBV

8 GNBAL
IF(NLCZ.LT.1) GO TO 9
PRTCBV

IF (ISTD.LT.1) CALL XTRPWT
DATOUT

MASOUT

— 10 CONTINUE

——— 20 CONTINUE

STOP

END

Figure 8.-- Main-program structure for MODular Finite-Element model (MODFE) version NLMFES

(NLMFES$6) combined with NLMFE7 (NLMFER), simulates nonsteady-state flow, unconfined (water-table)

conditions, nonlinear head-dependent (Cauchy-type) boundaries and (or) nonlinear point sinks, and nonlinear
steady vertical leakage.
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Structure Diagram for NSSFE1 (NSSFE?2)

Simulates Steady-State Flow and
Unconfined (Water-Table) Conditions

INITCG (INITB)
SWINIT
DATIN
FMCO
SETCG (SETB)
SWFMCO
—— DO 50 IT=1,NITSW
FMEQ
MICCG (BAND)
SWBDMP
HCALC
RDTP
SWTHK
IF (DSPA.LT.TOLSW) GO TO 60
L 50 CONTINUE
60 MASBAL
DATOUT
TKOUT
IF(NQBND.LT.1) GO TO 62
PRTCBV
62 MASOUT
STOP
END

Figure 9.-- Main-program structure for MODular Finite-Element model (MODFE) version NSSFE1
(NSSFE2), simulates steady-state flow and unconfined (water-table) conditions.
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Structure Diagram for NSSFE3 (NSSFE4)

Simulates Steady-State Flow, Unconfined (Water-Table)
Conditions, and Nonlinear Steady Vertical Leakage

INITCG (INITB)
SWINIT
................ VNINIT

FMCO
SETCG (SETB)
SWFMCO
weemeeemrereemes NFMCO
—— DO 50 IT=1,NITSW
FMEQ
S—Y V' 120)
MICCG (BAND)
SWBDMP
HCALC
RDTP
SWTHK
IF (DSPA.LT.TOLSW) GO TO 60
L 50 CONTINUE
60 MASBAL
reremeeecmeeeme \INBLSS
DATOUT
TKOUT
IF(NQBND.LT.1) GO TO 62
PRTCBV
62 MASOUT
STOP
END

Figure 10.-- Main-program structure for MODular Finite-Element model (MODFE) version NSSFE3
(NSSFE4), simulates steady-state flow, unconfined (water-table) conditions, and nonlinear steady
vertical leakage.
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Structure Diagram for NSSFE5 (NSSFE6

Simulates Steady-State Flow, Unconfined (Water-Table)
Conditions, Nonlinear Head-Dependent (Cauchy-type)
Boundaries, and (or) Nonlinear Point Sinks

INITCG (INITB)
SWINIT
S——c N[N
DATIN
FMCO
SETCG (SETB)
SWFMCO
--------------- GNFMCO
~—— DO 50 IT=1,NITSW
FMEQ
S —— N2 150)
MICCG (BAND)
SWBDMP
HCALC
RDTP
SWTHK
IF (DSPA.LT.TOLSW) GO TO 60
L 50 CONTINUE
60 MASBAL
IF(NQBND.LT.1) GO TO 62
PRTCBV
62 - GNBLSS
IF(NLCZ.LT.1) GO TO 64
PRTCBV
64 WRITE(IOUT, 10) ITER,DSPA
DATOUT
TKOUT
MASOUT
STOP
END

Figure 11.-- Main-program structure for MODular Finite-Element model (MODF<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>